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SYSTEM AND METHOD FOR In a variation on this embodiment , the cell contact module 
FACILITATING CONDITIONING AND can include a number of receptacles , and a respective 

TESTING OF RECHARGEABLE BATTERY receptacle can include a number of probes configured to 
CELLS establish positive and negative contacts with a correspond 

5 ing cell on a same end of the cell . 
RELATED APPLICATIONS In a further variation , at least one of the probes is a Kelvin 

probe configured to provide two separate contact points with 
This claims the benefit of U.S. Provisional Application the cell . 

No. 62 / 482,622 , entitled “ SYSTEM AND METHOD FOR In a further variation , a respective receptacle can include 
FACILITATING CONDITIONING AND TESTING OF an edge with an angled surface , thereby forming a converg 
RECHARGEABLE BATTERY CELLS , ” by inventors ing cup for cell alignment . 
Kevin Matthews , Turner Caldwell , and Martine Sukup , filed In a variation on this embodiment , the system can further 
6 Apr. 2017 . include a number of cell - group conditioning modules elec 

trically coupled in series and configured to divide a direct 
BACKGROUND current ( DC ) voltage . 

In a variation on this embodiment , the system can further 
Field include a heat dissipating mechanism coupled to the circuit 

module . 
This disclosure is generally related to the fabrication of In a further variation , the heat dissipating mechanism can 

rechargeable battery cells . More specifically , this disclosure include a heat pipe attached to the circuit module coupled a 
is related to the post - assembly formation , conditioning , and cold plate , which is attached to a liquid cooling system . 
testing process of rechargeable battery cells . In a variation on this embodiment , the system can further 

include an additional number of cell - group conditioning 
Related Art 25 modules . A first cell - group conditioning module can be 

configured to discharge a first group of cells while a second 
Rechargeable batteries , especially Li - ion based batteries , cell - group conditioning module is charging a second group 

are now being used in a wide range of electrical appliances , of cells , and energy released by the first group of cells can 
devices , and vehicles . A critical step in the manufacturing of be used to charge the second group of cells . 
Li - ion cells is the formation process . Typically , after a cell 30 In a variation on this embodiment , the circuit module can 
is assembled , the cell undergoes at least one precisely include power supply and measurement circuitry for each 
controlled charge discharge cycle to activate the working cell being conditioned . 
materials , transforming them into their useable form . Also , One embodiment can provide a method for conditioning 
this charge / discharge process can help identify cells that do rechargeable battery cells . The method can include receiving 
not meet the quality standard before they are placed in a 35 a first group of cells , loading the first group of cells onto a 
battery pack . Instead of the normal constant - current , con- platform , activating an actuation mechanism coupled to a 
stant - voltage charging curve , this special charging process cell interface block to establish electrical contact between 
begins with a low current , which builds up gradually . This the cells and the cell interface block , and performing charg 
is called the “ formation process . ” The formation process can ing and discharging cycles to the cells . 
result in the creation of a solid - electrolyte - interface ( SEI ) 40 One embodiment can provide a delivery system for con 
layer on the anode , which serves as a passivation layer ditioning rechargeable battery cells . The system can include 
essential for moderating the charging process under normal one or more cell - group conditioning container , each con 

tainer configured to accommodate multiple cells grouped 
Furthermore , during the formation process , information together ; one or more staging areas configured to store the 

on cell performance , such as open - circuit voltage ( OCV ) , 45 containers prior to conditioning the cells ; a cell interface 
direct - current resistance ( DCR ) , capacitance , and imped block that includes a cell contact module and a circuit 
ance , can be collected for quality analysis . The spread of the module , the circuit module being configured to supply 
performance measurements can also indicate whether the power to cells and is positioned adjacent to the cell contact 
formation process and the upstream cell manufacturing module ; a cell platform configured to accommodate the cells 
process are under control . 50 during conditioning ; and a crane configured to transport the 

cell - group conditioning containers from the staging areas to 
SUMMARY the cell platform and further configured to create an elec 

trical contact between the cells in the conditioning container 
One embodiment can provide a system for conditioning and the cell contact module . 

rechargeable battery cells . The system can include a cell- 55 One embodiment can provide system for conditioning 
group conditioning module . The cell - group conditioning rechargeable battery cells . The system can include a plural 
module can include a cell interface block that includes a cell ity of racks , each containing a plurality of cell - group con 
contact module and a circuit module . The circuit module can ditioning modules ; and a robot configured to move battery 
be configured to supply power to cells and can be positioned cells into and out of the cell - group conditioning modules 
adjacent to the cell contact module . The cell - group condi- 60 absent of human intervention . A space between two racks 
tioning module can further include a cell platform config- can be reduced to a distance that does not allow a human to 
ured to accommodate a number of cells and an actuation enter into the space . 
mechanism coupled to the cell interface block or the cell One embodiment can provide a system for conditioning 
platform and configured to reduce distance between the rechargeable battery cells . The system can include a cooling 
cell interface block and cell platform , thereby allowing the 65 tunnel configured to thermally treat a number of cells so that 
cell contact module to establish electrical contact with the the cells reach a predetermined internal temperature before 
cells . undergoing a formation process . 

use . 
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“ Cell ” or “ battery cell ” generally refers to an electro- but is to be accorded the widest scope consistent with the 
chemical cell , which is a device capable of generating principles and features disclosed herein . 
electrical energy from chemical reactions or facilitating Overview 
chemical reactions through the introduction of electrical Embodiments of the present invention can solve the 
energy . A battery can contain one or more cells . 5 technical problem of performing the post - assembly forma 

“ Rechargeable battery " generally refers a type of electri- tion , conditioning , and testing process on rechargeable cells 
cal battery which can be charged , discharged into a load , and in a space- and energy - efficient , and scalable way , which can 
recharged a number of times . In this disclosure , a number of in turn reduce the cost of manufacturing rechargeable cells . 
examples are described based on Li - ion rechargeable bat For high throughput manufacturing , a large number of 
teries . Nevertheless , embodiments of the present invention 10 cells can be placed in the formation process together , typi 
are not limited to one type of rechargeable battery , and can cally in a conveyance tray . Conventional high - volume for 
be applied in conjunction with various rechargeable battery mation facilities typically consist of power supply and 
technologies . control modules coupled to battery contact fixtures , which 

hold the tray of cells and facilitate electrical connection to 
BRIEF DESCRIPTION OF THE FIGURES 15 the individually controlled cells . Such systems often require 

a large number of cables ( typically four or more wires per 
The patent or application file contains at least one drawing battery cell ) , take up a significant amount of space , and can 

executed in color . Copies of this patent or patent application be energy inefficient . As a result , the inefficiency from the 
publication with color drawing ( s ) will be provided by the power electronics and long cables can result in heat rejection 
Office upon request and payment of the necessary fee . 20 to the room , which often requires large ducted air cooling 
FIG . 1A shows an exemplary configuration of an electri- systems and could lead to variations in the cell temperature , 

cal circuit module and a contact module for cell formation , thereby increasing the chance of error in the formation 
according to one embodiment of the present invention . process . In addition , the existing formation facilities are 
FIG . 1B shows an exemplary actuator - free clamping typically designed without full consideration and optimiza 

fixture , according to one embodiment of the present inven- 25 tion of the support systems . 
tion . In particular , the existing designs and configurations leave 
FIG . 2 shows a block diagram for an exemplary clamshell much room for improvement in high - volume manufacturing . 

structure , according to one embodiment of the present In addition , many existing cell - formation systems are not 
invention . taking full advantage of the rapid advances in power con 
FIG . 3 shows a block diagram of an exemplary power- 30 version technology . In general , the existing formation sys 

supply and control configuration for a clamshell structure , tems often exhibit the following characteristics : 
according to one embodiment of the present invention . ( 1 ) Large physical footprint ; 
FIG . 4 shows an exemplary DC - DC conversion and cell ( 2 ) Low - efficiency and costly power electronics ; 

measurement circuit , according to one embodiment of the ( 3 ) Overly complex clamping fixture ; 
present invention . ( 4 ) Large amount of cabling that wastes energy , is costly , 

FIGS . 5A - 5E show various configurations of contacts in and reduces measurement accuracy ; 
a cell receptacle , according to embodiments of the present ( 5 ) Uses air cooling to transfer heat generated by ineffi 
invention . cient power usage , which in turn consumes power to 
FIG . 6 shows an exemplary heating dissipating mecha- remove heat , takes up space , and is difficult to control 

nism for the formation system , according to one embodi- 40 without significant thermal gradients , which results in 
ment of the present invention . cell - to - cell variation . 

FIG . 7 shows the simplified floor plan of a building that The concepts , designs , and configurations described 
houses a number of racks , according to one embodiment of herein make improvements in the following areas : 
the present invention . ( 1 ) Reduce capital expenditure ( CAPEX ) of the equip 

FIG . 8 shows the energy consumption of eight groups of 45 ment and supporting facility infrastructure ; 
cells , according to one embodiment of the present invention . ( 2 ) Improve energy efficiency ; 

FIG . 9 shows the difference between the power supply ( 3 ) Reduce thermal gradients in the room to reduce 
chain in the present inventive cell formation system and a cell - to - cell temperature - based performance variation ; 
power supply chain in a conventional system , according to ( 4 ) Increase volumetric density of the testers , which 
one embodiment of the present system . results in a number of cost savings in building and 
FIG . 10 shows the space savings of the cell formation support systems ; 

system , according to one embodiment of the present inven- ( 5 ) Capture the waste heat at an elevated temperature , 
tion . which allows the dissipated thermal energy to be used 

In the figures , like reference numerals refer to the same for different , useful purposes ; 
figure elements . ( 6 ) Facilitate hot - swappable components , thereby 

improving equipment utilization , and 
DETAILED DESCRIPTION ( 7 ) Reduce fire risk . 

Embodiments of the present invention can solve the 
The following description is presented to enable any aforementioned problems by providing significant space 

person skilled in the art to make and use the embodiments , 60 saving , improved energy efficiency , more effective heat 
and is provided in the context of a particular application and dissipation , and capability to accommodate more effective 
its requirements . Various modifications to the disclosed automation systems . In particular , a new design of the 
embodiments will be readily apparent to those skilled in the electrical circuit unit closely coupled with the contact board 
art , and the general principles defined herein may be applied can accommodate a large number of cells undergoing the 
to other embodiments and applications without departing 65 formation process in a densely packed manner . A hybrid 
from the spirit and scope of the present disclosure . Thus , the cooling system that combines air and liquid cooling can 
present invention is not limited to the embodiments shown , dissipate heat more effectively . Furthermore , an intelligent 

35 

50 

55 
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formation control system that stages the charge / discharge per - cell operational efficiency ( operational expenditure , 
cycles among different cell groups can significantly reduce OPEX ) and total CAPEX , which would not be attainable in 
the power consumption and required power conversion a conventional formation system where the contact board 
capacity of the entire formation system . and the power supply and control modules are separate from 
System Architecture 5 each other , which requires complex and space - consuming 
FIG . 1A shows an exemplary configuration of an electri- cabling to connect the two . 

cal circuit module and a contact module for cell formation , To further improve the cell - packing density , a number of 
according to one embodiment of the present invention . In clamshell structures , such as structure 106 , can be housed in 
this example , contact module 102 and electrical circuit a larger rack , such as rack 112. In this example rack 112 can 
module 104 are positioned adjacent to each other . A cell 10 accommodate six clamshell structures , bringing the total 
undergoing formation charge / discharge cycling can be number of cells undergoing formation to 1536. Other num 
placed in contact with the contact pins in one of the bers of clamshell structures are also possible . Note that 
receptacles on contact module 102. Circuit module 104 can bulky electrical components , such as system control and 
accommodate a number of electrical circuits , each corre- AC / DC power conversion module 114 , can be provisioned 
sponding to a receptacle on contact module 102 for accom- 15 on a per - clamshell - structure basis and be placed in the 
modating a cell . Each cell - specific circuit can be configured vicinity of each clamshell structure . In further embodiments , 
to supply well - controlled voltage to the cell housed in the the AC / DC power conversion module can be provisioned in 
receptacle , and collect measurements for the cell . Note that a centralized manner on a per - rack basis . More details are 
this compact configuration of contact module 102 and circuit provided below in conjunction with FIG . 10 . 
module 104 , which jointly form a cell interface block , can 20 It is possible to further simplify the clamshell structure by 
eliminate the need for a large amount of cabling , as is the eliminating the actuation mechanisms . Instead , a robotic 
case in a conventional formation system . A large amount of system can be used to attach an electric connection top tray 
cabling can be expensive , take up space , require long to a conveyance tray carrying the cells . The robotic system 
installation / repair time , can be a source of inefficiency , and can then slide the entire fixture into a rack . FIG . 1B shows 
can lead to less accuracy . 25 an exemplary actuator - free clamping fixture , according to 

Note that since contact module 102 can contain multiple one embodiment of the present invention . In this example , a 
pogo pins in the receptacle , contact module 102 can also be number of cells 140 can be carried by conveyance tray 142 
referred to as a “ pogo board . ” In one embodiment , contact ( actually number of cells not shown ) . Conveyance tray 142 
module 102 and circuit module 104 can be attached together can have a number of receptacles for accommodating the 
with spacers 103 , so that the two modules can form one rigid 30 cells and be used to transport the cells to and away from the 
entity . In addition , contact module 102 can provide 32 rack . Electrical connection tray 148 can contain built - in 
receptacles to accommodate 32 cells at once . Other numbers circuitry and spring - loaded connectors for connecting to the 
of receptacles are also possible . top of cells 140. A robotic system , which can be part of a 

To facilitate scalable and automatic operation , the con- crane that transports conveyance tray 142 , can lower elec 
tact - module / circuit - module combination can be attached to 35 trical connection tray 148 and mate cells 140 to the corre 
a top platform 108 , and the cells undergoing formation can sponding formation circuitry . Clamps 144 can be used to 
be held on a bottom platform 110. Both top platform 108 and secure the mating position and ensure reliable contact 
bottom platform 110 can be housed in a frame 106. In one between electrical connection tray 148 and cells 140. In 
embodiment , top platform 108 and bottom platform 110 can addition , electrical connection rails 146 can be positioned on 
be actuated to move vertically in a “ clamshell ” manner . 40 electrical connection tray 148. These rails can be used to 
Specifically , actuator 122 can move bottom platform 110 establish an electrical connection between electrical connec 
upward , and actuator 124 can move top platform downward . tion tray 148 and the connectors on the rack , which provide 
Frame 106 can therefore be referred to as a “ clamshell the power and other circuitry connection for the formation 
structure . ” After cells are placed on bottom platform 110 , top process . Note that rails 146 can also be used for guiding the 
platform 108 and bottom platform 110 can be actuated to 45 robotic system for sliding the entire clamping fixture into a 
move toward each other , so that the top of the cells can be slot on a rack , optionally with blind - mate busbars . Further 
in contact with the pins positioned inside each receptacle in more , as described in conjunction with FIG . 3 below , the 
the cell contact module ( similar to contact module 102 ) . It clamping fixture can also be mated to a thermal interface 
is also possible to fix the vertical position of bottom platform such as a blind coolant connector or plate with a low thermal 
110 and only move top platform 108 downward to contact 50 resistance . Note that the actuator - free design of the clamping 
the cells , or vice versa . Note that this one - sided actuation fixture shown in FIG . 1B can achieve even greater spatial 
configuration has certain advantages . It can eliminate the density by eliminating actuators on every unit . 
complexity in the clamping fixture by using only one set of FIG . 2 shows a block diagram for an exemplary clamshell 
actuation mechanism and can reduce the overall space structure , according to one embodiment of the present 
required for the clamping fixture by approximately one 55 invention . In this example , clamshell structure 202 includes 
third . Furthermore , the top - only cell connection configura- a cell interface block 204 , which is similar to the combined 
tion can eliminate cables to the bottom of the cells , which modules 102 and 103 in FIG . 1. Cell interface block 204 can 
also results in the aforementioned benefits . The contact and have a number of receptacles , each configured to establish 
circuit modules also help eliminate the need for a separate secure electrical contacts with a cell . In one embodiment , 
power electronics module and long cable runs . In the 60 each receptacle can have a center probe and one or more 
example shown in FIG . 1A , clamshell structure 106 can outer probes . The center probe can be a Kelvin probe that 
accommodate eight cell interface blocks ( each containing a contains more than one contact , which can form a Kelvin 
contact module and a circuit module ) , wherein each block bridge with the outer probes for precise measurement of the 
can accommodate 32 cells . Therefore , the entire clamshell cell . 
structure can process 32x8 = 256 cells simultaneously . Other 65 Cell interface block 204 can be actuated by actuator 208 
numbers of cells per block and numbers of blocks are also to move downward and be in contact with a number of cells 
possible . Such dense packing of the cells can lower the 214. Optionally , the platform that supports cells 214 can also 
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be actuated to move upward . Also included in clamshell for DC - DC conversion and cell measurement . A respective 
structure 202 , or placed in the vicinity of clamshell structure circuit can include a Kelvin bridge circuit 412 for a cell 404 . 
202 , are AC / DC power supply unit 210 and system control- A Kelvin bridge circuit typically includes a first pair of 
ler 212. AC / DC power supply unit 210 can convert high- contacts , referred to as “ force contacts , ” to supply power 
voltage AC power to a low - voltage DC power , which can 5 ( typically a current ) to a device ; and a second pair of 
subsequently be controlled and distributed to the cells based contacts , referred to as " sensing contacts , ” for taking mea 
on a predetermined cell formation , conditioning , and mea- surement over the device . Here , the power supply portion of 
surement process . In addition , a liquid coolant circulation Kelvin bridge 412 includes a step - down DC - DC conversion 
path can be provided to clamshell structure 202. As circuit 414 , which includes a pair of gates 411 and 410 , 
explained in more detail below , liquid - cooled heat sinks can 10 inductor 406 , and capacitor 408. Gates 411 and 410 work 
be coupled to cell interface block 204 and / or the platform jointly as a switch and rectifier , while inductor 406 and 
supporting cells 214. In one embodiment , an inlet pipe can capacitor 408 function as an energy storage element . By 
supply coolant at approximately 36 ° C. to clamshell struc- controlling the switch duty cycle , one can control the voltage 
ture 202 , and an outlet pipe can remove the outgoing applied to cell 404 . 
coolant . Running the coolant at this temperature , as opposed 15 FIGS . 5A - 5E show various configurations of contacts in 
to a much lower temperature , allows the recovered heat to be a cell receptacle , according to embodiments of the present 
used for other processes such as building heating , which invention . In the example shown in FIG . 5A , each receptacle 
further mitigates the overall costs of the formation process . can have a center Kelvin probe 502 , which can connect to 
In one embodiment , a configuration that combines the use of the cathode / positive contact of the cell , and an outer Kelvin 
heat pipe and cooling plate can be applied in conjunction 20 probe 504 , which can connect to the anode / negative contact 
with the cell interface modules . In addition , a second cooling of the cell . Each Kelvin probe provides two separate contact 
system can be used to control the temperature of the AC / DC points , thereby facilitating a Kelvin bridge connection with 
power unit . In this second cooling system , the manifolded the cell . Furthermore , the edge of each receptacle , such as 
components can function both as a structural support as well edge 506 , can be shaped with a ramp and function as a 
as a cooling plate or a heat sink for immersion cooling . With 25 converging cup to help the cell be aligned with the recep 
immersion cooling , in one embodiment , the AC / DC power tacle . 
unit can slide , using for example busbar - blind connections , In the example shown in FIG . 5B , two center single 
into a dielectric coolant fluid , which can be pumped to a probes 508 can be positioned near the center of the recep 
centralized heat exchanger . tacle to provide two separate contact points to the cell's 
FIG . 3 shows a block diagram of an exemplary power- 30 cathode / positive contact as part of the Kelvin bridge con 

supply and control configuration for a clamshell structure , nection . Two out single probes 510 can be positioned near 
according to one embodiment of the present invention . In the outer edge of the receptacle to provide two separate 
this example , it is assumed that eight cell interface blocks , contact points to the cell's anode / negative contact . Similarly , 
such as cell interface block 304 capable of accommodating the receptacle's outer edge can be shaped with a ramp as a 
32 cells , are housed in one clamshell structure . Each cell 35 converging cup to help with cell alignment . 
interface block is coupled to a corresponding voltage divi- FIG . 5C shows another configuration , where each recep 
sion stage , which can control the DC power supplied to the tacle includes a center Kelvin probe 512 providing two 
corresponding cell interface block . The eight combinations separate contacts , and two outer spring tabs 514 and 516 . 
of voltage division stage and cell interface block can be Spring tabs 514 and 516 can be shaped to provide a guiding 
connected in series to divide a DC voltage supplied to the 40 ramp to help with cell alignment . Optionally , the edge of the 
entire train of eight blocks . This in - series connection has a receptacle can be shaped as a converging cup for cell 
significant advantage over existing designs in that the major- alignment , and the spring tabs can be positioned inside the 
ity of the power does not need to be processed in a DC - DC converging cup . 
voltage conversion stage . As a result , this configuration can In the example shown in FIG . 5D , a center Kelvin probe 
reduce inefficiency because less current is processed and 45 518 provides two separate contact points to the cell's 
converted , and can therefore help reduce the amount of total cathode / positive contact point . Two individual outer probes 
required power conversion capacity . In contrast , conven- 520 and 522 , each being a single point of contact provide 
tional formation systems typically have cell interface blocks connection to the cell's anode / negative contact point . Note 
connected in parallel , which requires additional DC voltage that the outer probes can have angled tips , which can serve 
conversion . 50 as guiding ramps to help with cell alignment . 

In one embodiment , approximately 50V DC is provided In the example shown in FIG . 5E , a number ( such as 3 or 
by power supply unit 308 to the eight cell interface blocks 5 ) of small circular tipped probes 524 can be placed near the 
connected in series . A pre - charge control unit 306 can be receptacle shoulder to provide contact with the cell's anode / 
coupled to power supply unit 308 and regulate the output DC negative contact point . These probes can be tilted toward the 
voltage during a pre - charge stage when the cells undergo an 55 center to guide the cell for accurate alignment . In addition , 
off - gassing process to be prepared for the subsequent SEI a center Kelvin probe 526 can provide two separate contacts , 
layer formation . Main controller unit 310 can be in com- and can optionally have serrations to cut through the passi 
munication with each cell interface block and control the vation layer on the aluminum cathode / positive contact point 
timing and charging voltage supplied to the cells in each cell of the cell . The left drawing of FIG . 5E shows the perspec 
interface block . Main controller unit 310 can also commu- 60 tive view , whereas the right drawing of FIG . 5E shows the 
nicate with cooling system 312 , which can include a liquid top view of the receptacle . 
cooling mechanism , and control the environment tempera- In one embodiment , each cell interface block can be 
ture . coupled to a heat dissipating mechanism , which allows the 

FIG . 4 shows an exemplary DC - DC conversion and cell formation system to operate under a controlled temperature . 
measurement circuit , according to one embodiment of the 65 FIG . 6 shows an exemplary heating dissipating mechanism 
present invention . In this example , circuit module 402 , for the formation system , according to one embodiment of 
which is part of a cell interface block , has 32 sets of circuit the present invention . In this example , each of the eight cell 
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interface blocks in a clamshell structure can be coupled to a These charge / discharge cycles can often consume a large 
heat dissipating mechanism 606. Heat dissipating mecha- amount of energy and generate undesirable heat . In one 
nism 606 can include a cold plate 602 and a heat pipe 604 . embodiment , to mitigate the energy consumption , the 
The bottom drawing of FIG . 6 shows the conceptual con- charge / discharge cycles of different groups of cells can be 
figuration of the heat dissipating mechanism , and the top 5 offset in the time domain , such that the discharge cycle of 
drawing of FIG . 6 shows the physical configuration of the one group of cells can be used to power the charge cycle of heat dissipating mechanism having eight heat pipes coupled a different group of cells . to a cooling plate . Referring to FIG . 3 , there can be eight groups of cells Heat pipes can be closed systems that typically include a 
sealed hollow tube with one end thermally coupled to a 10 tains 32 cells , which are connected to a corresponding cell 

undergoing the charge / discharge cycles . Each group con 
colder region away from the heat source . For example , one interface block . Main controller unit 310 can control the of the heat pipes may be thermally coupled to a cold plate 
that can removes heat from the heat pipe . The inside walls timing of each cell group's charge and discharge cycles , so 
of the heat pipe may be lined with a capillary structure . that the discharge cycle of one group can be used to the 
When heat is applied to the heat pipe , the liquid in the 15 charge of another group . Furthermore , a centralized room 
capillary structure can absorb heat though a phase change , level controller can provide general instructions on when to 
which causes the liquid to evaporate and become a gas . The start a charge / discharge cycle . 
gas can migrate to the colder end of the heat pipe where it FIG . 8 shows the energy consumption of eight groups of 
then condenses and becomes liquid again . As the vapor cells , according to one embodiment of the present invention . 
condenses , heat is removed from the system . The capillary 20 As can be seen in this example , the starting time of the 
structure may then migrate the liquid back through the charge / discharge cycles for each group of cells is offset by 
length of the heat pipe . a predetermined amount . When the power consumption is 

Heat pipe 604 can be attached to the circuit module board negative , it indicates that the group of cells are discharging 
of the corresponding cell interface block and transfer heat and supplying power to other cells . As a result of the time 
away from the circuits . Heat pipe 604 is attached to cold 25 offset between the charge / discharge cycles of different cell 
plate 602 , which is liquid - cooled . The cold plates of the groups , the total power consumption of the eight groups can 
eight heat dissipating devices , each coupled to one of the be significantly reduced . This configuration can also reduce 
eight cell interface blocks , can be attached to a common the amount of required infrastructure for provisioning 
liquid coolant pathway . This configuration allows for use of power . For example , instead of having cables that can carry 
liquid cooling without requiring a large number of liquid- 30 6 KW of power for each unit and the corresponding AC / DC 
tight connections . In certain embodiments , instead of using and DC / DC conversion capacity , only 6 KW in total power 
heat pipe 604 , one or more cooling tubes may be used . can be sufficient . In one embodiment , the controls for the 
Cooling tubes can be open systems , which could introduce cell groups can also be centralized in the corresponding 
a potential failure point for the system over a closed heat- AC / DC module . 
pipe system . In addition , cooling plates and tubes typically 35 FIG . 9 shows the difference between the power supply 
have more coolant interface points , which can increase the chain in the present inventive cell formation system and a 
probability of leaks compared with a heat pipe . Heat pipes power supply chain in a conventional system , according to 
also make the system more modular for quick repair . For one embodiment of the present system . The top portion of 
example , instead of disconnecting a fluid line connection , FIG . 9 shows a conventional power supply chain , which 
one can perform a face plate compression operation from a 40 includes a substation and a transformer to bring a high 
screw or spring - loaded clamp to replace a heat pipe . voltage AC power line down to a 208 - V AC power supply . 
The cell - formation system design described above can be Subsequently , an AC / DC conversion unit converts the AC 

installed in a room with high space efficiency , due to the power to DC power . Two DC / DC voltage conversion units 
compact design of the clamshell structure and the rack shelf are then used to bring the DC voltage to 2.5-4.2 V to the 
to house the clamshell structures . As shown in FIG . 7 , a 45 cells . 
number of rack shelves 702 , as the one shown in FIG . 1A , In contrast , as shown in the lower portion of FIG . 9 , 
can be placed in close proximity with one another . In one embodiments of the present invention uses an AC / DC con 
embodiment , these shelves can be placed on tracks and be version unit to directly convert a 277 V AC power ( after the 
moved as needed like book shelves in a library . Furthermore , substation and AC transformer ) to a 50 V DC power . This 50 
an automated crane or robotic system ( such as cranes 704 ) 50 V DC power is then shared among the clamshell structures 
can be used to maneuver trays of cells without human housed in a rack ( see FIG . 1 and FIG . 3 ) . Within each 
intervention ( e.g. , loading and unloading cells into the clamshell structure , this 50 V DC power is further divided by 
clamshell structures ) . Furthermore , referring to FIG . 1B , the voltage division stage for each cell interface block to 
when actuator - free clamping fixtures are used , cranes 704 2.5-4.2 V for the cells . 
can assemble these fixtures and slide them into racks 702 , 55 FIG . 10 shows the space savings of the cell formation 
which can further improve spatial density . In certain system , according to one embodiment of the present inven 
embodiments that utilize an automated crane or robot to tion . On the left is a conventional cell formation system , 
maneuver trays of cells without human intervention , valu- which requires a separate power supply unit for each group 
able floor resources may be saved by reducing the space of cells . The present inventive system , as shown on the right , 
between the shelves , such that only sufficient space for the 60 only needs one power supply unit for a number of clamshell 
crane is needed . Furthermore , when liquid cooling is used , structures , each of which can accommodate 256 cells . 
the space reserved for air ducts can be freed . As a result , one Therefore , the present inventive cell formation system can 
can save the space reserved for traditional additional access provide significant space savings . Moreover , the height of 
ways or larger spacing between shelves for humans . each clamshell structure ( e.g. , about 150 mm ) can be much 
As part of the initial conditioning process of newly 65 smaller compared to height of a group of cells ( e.g. , about 

assembled cells , the cells are subject to a number of charge / 685 mm ) in the conventional systems , thus resulting in the 
discharge cycles , so that their capacity can be measured . overall space saving . 



room . 

US 11,043,823 B2 
11 12 

Overall , embodiments of the present invention employ a 6. The system of claim 1 , further comprising a heat 
thermal strategy to reduce the heat that needs to be trans- dissipating mechanism coupled to the circuit module . 
ferred by improving the formation system's efficiency and 7. The system of claim 6 , wherein the heat dissipating 
the use of cooling tunnels ( described below ) . The use of mechanism comprises a heat pipe attached to the circuit 
liquid cooling or immersion cooling allows heat to be 5 module coupled a cold plate , which is attached to a liquid 
captured at higher temperatures , which makes it possible to cooling system . 
use the captured energy in other parts of the building . 8. The system of claim 1 , further comprising an additional 

In a typical formation process , the temperature experi- number of cell - group conditioning modules ; 
enced by each cell may vary from cell to cell and from room wherein a first cell - group conditioning module is config 
to room . In one embodiment , the cells can be heated or 10 ured to discharge a first group of battery cells while a 
cooled to a predetermined temperature , in a cooling tunnel , second cell - group conditioning module is charging a 
prior to entering the main area of the room where formation second group of battery cells ; and 
takes place . The cooling tunnel can be a continuous process wherein energy released by the first group of battery cells 
in which the cells are kept on a conveyor . Heat transfer can is used to charge the second group of battery cells . 
occur with high - velocity air , radiation - based cooling plates , 15 9. The system of claim 1 , wherein the circuit module 
thermal conduction through a carrier tray , direct resistive comprises power supply and measurement circuitry for each 
heating , or a combination of these approaches . In order to battery cell being conditioned . 
maintain the cells at a uniform internal temperature , the 10. A method for conditioning rechargeable battery cells , 
cooling tunnel can apply a temperature profile . For example , the method comprising : 
initially , a more extreme temperature can be applied and 20 receiving a first group of battery cells ; 
then a cooling or heating process can be carried out to loading the first group of battery cells onto a platform ; 
achieve a target cell temperature . In addition , because the activating an actuation mechanism coupled to a cell 
cells entering the room typically need the opposite of what interface block , wherein the actuation mechanism is 
the cells leaving the room need , a counter - flow approach can activated to reduce a distance between the cell interface 
be implemented that allows the cells entering the room to 25 block and the platform thereby causing establishment 
exchange heat with the cells leaving the room . That is , a of electrical contact between the first group of battery 
cooling tunnel can be implemented to exchange heat cells and the cell interface block , wherein the cell 
between the cells entering the room and the cells leaving the interface block comprises a cell contact module and a 

circuit module , and wherein the circuit module is 
The foregoing descriptions of various embodiments have 30 configured to supply power to the first group of battery 

been presented only for purposes of illustration and descrip cells ; and 
tion . They are not intended to be exhaustive or to limit the performing charging and discharging cycles to the first 
present invention to the forms disclosed . Accordingly , many group of battery cells . 
modifications and variations will be apparent to practitioners 11. The method of claim 10 , further comprising : 
skilled in the art . Additionally , the above disclosure is not 35 discharging the first group of battery cells while charging 
intended to limit the present invention . a second group of battery cells , wherein energy pro 

duced by the first group of battery cells is used to 
What is claimed is : charge the second group of battery cells . 
1. A system for conditioning rechargeable battery cells , 12. The method of claim 10 , further comprising : 

the system comprising : supplying a liquid coolant to a cooling mechanism , 
a cell - group conditioning module , comprising : wherein the cooling mechanism comprises a heat pipe and 

a cell interface block comprising a cell contact module a cold plate , 
and a circuit module , wherein the circuit module is wherein the cold plate is liquid cooled , and 
configured to supply power to battery cells and is wherein the heat pipe is coupled to the cell interface 
positioned adjacent to the cell contact module ; block . 

a cell platform configured to accommodate a number of 13. A delivery system for conditioning rechargeable bat 
the battery cells ; and tery cells , the system comprising : 

an actuation mechanism coupled to the cell interface one or more cell - group conditioning container , each cell 
block or the cell platform and configured to reduce a group conditioning container configured to accommo 
distance between the cell interface block and cell 50 date multiple battery cells grouped together ; 
platform , thereby allowing the cell contact module to one or more staging areas configured to store the cell 
establish electrical contact with the battery cells . group conditioning containers prior to conditioning the 

2. The system of claim 1 , wherein the cell contact module battery cells ; 
comprises a number of receptacles ; and a cell interface block comprising a cell contact module 

wherein a respective receptacle comprises a number of 55 and a circuit module , wherein the circuit module is 
probes configured to establish positive and negative configured to supply power to the battery cells and is 
contact with a corresponding cell on a same end of the positioned adjacent to the cell contact module ; 
cell . a cell platform configured to accommodate the battery 

3. The system of claim 2 , wherein at least one of the cells during conditioning ; and 
probes is a Kelvin probe configured to provide two separate 60 a crane configured to transport the cell - group conditioning 
contact points with the cell . containers from the staging areas to the cell platform 

4. The system of claim 2 , wherein a respective receptacle and further configured to create an electrical contact 
comprises an edge with an angled surface , thereby forming between the battery cells in the cell - group conditioning 
a converging cup for cell alignment . container and the cell contact module . 

5. The system of claim 1 , further comprising a number of 65 14. The delivery system of claim 13 , wherein the cell 
cell - group conditioning modules electrically coupled in contact module includes rails configured to establish the 
series and configured to divide a direct current ( DC ) voltage . electrical contact . 
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15. The delivery system of claim 14 , wherein the crane is 

configured to guide the one or more cell - group conditioning 
containers to a rack via respective rails . 

16. The delivery system of claim 13 , wherein clamps of 
the cell - group conditioning container are configured to mate 5 
with the cell contact module . 


